At our university, the undergraduate electrical engineering curriculum contains two required electromagnetics classes. The first class focuses on electrostatic fields, and consists of lectures and tutorials. The second class focuses on timevarying fields, and has lectures, tutorials and laboratories. The first two labs include a series of multiple choice questions that allow students to practice problem solving related to time-varying fields and waves. These labs also incorporate simple hands-on experiments (e.g. dropping a magnet through a copper tube), as well as simulation tools (Amanogawa) to provide insight into wave propagation under varying conditions. Two additional labs use a simulation tool (Mefisto) to design transmission line circuits, providing students with insight into wave propagation characteristics on the lines. In 2017, we introduced a fifth lab to provide students with experience designing, implementing and testing an antenna. The students use the antenna to detect a "secret" radio transmission, and observe differences in reception under a variety of propagation conditions. This was a low-cost lab, as the purchase of materials for 80 students was less than $1000. Many of the components can be re-used in future years.
The antenna that the students implement is a Yagi-Uda antenna consisting of a driven element, a director and a reflector created with copper wire. Students are required to design the length and separation of the elements for operation at a specified frequency. We selected the 915 MHz industrial, scientific, medical (ISM) band, where lowpower signals can be legally transmitted. The antenna is assembled by attaching the elements to a wooden boom. The driven element is soldered to a coaxial line terminated with an SMA connector. To verify performance, students work with teaching assistants to measure the reflection from the antenna with a vector network analyzer (Keysight N9912A FieldFox). The element lengths are trimmed until desired performance is achieved.
The students connect their antennas to a software defined radio (RTL-SDR) and use the associated software (SDR Sharp) to demodulate a wideband FM-modulated signal transmitted from a radio source placed at the centre of the lab. By demodulating the received signal using the software, students hear the "secret code" transmitted by the radio source. Students then place a variety of objects between their receiving antenna and the transmitter, such as a metal plate, cardboard and RF absorbers, and comment on differences in the received signals. This exercise connects to class concepts such as wave propagation, transmission and reflection in different materials.
Students were surveyed specifically on this antenna lab through anonymous forms that requested student feedback about connection to concepts in the course, as well as the best part of the lab and suggestions for improvement. Most students commented that they enjoyed the hands-on experience of building an antenna.
Students also commented on the connection of the lab to class concepts: "The lab was interesting in that it gave a new connection to wireless transmission and wave properties. The class is difficult in that it is not always intuitive to know exactly how a wave physically acts in space."; "For a course with so much concept and theories it is great to be able to apply what we have learned practically."; "It helped in understand wave propagation with regard to direction, as well as attenuation in varying material."; "A bit of a tangent. We don't talk about antennas much in this course. The experimentation with different materials, though, was more relevant."
In summary, this low-cost, hands-on lab provided students with an authentic learning experience that connected to the course materials. As electromagnetics classes are typically heavily focused on theory, this kind of lab has the potential to increase student engagement and depth of understanding.
